The Crucial Role of Methodology Development in Directed Evolution of Selective Enzymes.
Directed evolution of stereo-, regio- and chemoselective enzymes provides a means to generate biocatalysts for synthetically interesting transformations. In order for this protein engineering technique to be efficient, fast and reliable, and of relevance to organic chemistry, methodology development was and still is necessary. Following a description of early contributions, this review focuses on recent developments originating from various groups. It includes optimization of molecular biological methods for gene mutagenesis and the design of efficient strategies for their application, resulting in notable reduction of the screening effort (bottleneck of directed evolution). When aiming for laboratory evolution of selectivity and activity, the newest versions of Combinatorial Active-Site Saturation Test (CAST) and Iterative Saturation Mutagenesis (ISM) have emerged as preferred approaches, flanked by in silico methods such as machine learning. On-chip solid-phase chemical gene synthesis for rapid library construction enhances library quality notably, the future of directed evolution?